Materials and Methods
Purification of Phenazines. Three phenazines-pyocyanin (PYO), phenazine-1-carboxylate (PCA), and phenazine-1-carboxamide (PCN), were purified from aerobic bacterial cultures. The purified phenazines were present in their oxidized form. PYO was prepared from late stationary cultures of P. aeruginosa strain UCBPP-PA14 (1) grown in Luria-Bertani (LB) medium at 37 o C, based on the method of Chang and
Blackwood (2), and Ingledew and Campbell (3) . The cultures were first extracted with chloroform, followed by 0.01 N HCl, and again with chloroform, then the crude extract in chloroform was dried (see ref (4) for details). The dried extract was redissolved in acetonitrile, filtered (0.2 μm filter), and the filtrate was loaded onto a Beckman System
Gold reverse-phase HPLC with a diode array UV-vis detector and a Waters Sunfire C18
Prep column (5 µm particle size; 19 × 100 mm). PYO was purified in a gradient of water-5mM phosphate at pH 7 (solvent A) to acetonitrile (solvent B) at a flow rate of 10 ml/min using the following method: for 0 to 2 min chromatography was in 100% solvent A, for 2 to 14 min in a linear gradient from 100% solvent A to 50% solvent B, for 14 to 16 min in a linear gradient to 100% solvent B, for 16 to 18 min in a linear gradient to 100% solvent A, for 18 to 19 min in 100% solvent A. Pure PYO eluted at a retention time of 10.7 min, and was collected using a Beckman SC100 fraction collector.
PCA was prepared from late stationary cultures of P. fluorescens strain 2-79 (NRRL B-15132) (5) grown in King's A medium (6) at 30 o C. The cultures were first acidified with TFA to pH 1-2, then extracted into ethyl acetate, and evaporated to dryness. The dried extract was redissolved, filtered, and loaded onto HPLC as described above. PCA was purified in a gradient of water-0.1% TFA (solvent A) to acetonitrile-0.1% TFA (solvent B) at a flow rate of 10 ml/min using the following method: for 0 to 2 min chromatography was in 100% solvent A, for 2 to 11 min in a linear gradient from 100% solvent A to 70% solvent B, for 11 to 12 min in a linear gradient to 100% solvent B, for 12 to 14 min in a linear gradient to 100% solvent A, for 14 to 15 min in 100% solvent A. Pure PCA eluted at a retention time of 7.9 min.
PCN was prepared from late stationary cultures of P. chlororaphis strain PCL 1391 (7) grown in King's B medium (6) at 30 o C. The cultures were extracted into toluene, and evaporated to dryness. PCN was purified from the dried extract using the same method as for PCA. Pure PCN eluted at a retention time of 6.4 min.
The collected PYO, PCA, and PCN aliquots were again extracted into chloroform, then evaporated to dryness, and redissolved in 0.1 M KCl aqueous solutions buffered with 10 mM CH 3 C(O)ONH 4 -MOPS (pH 7) to yield final concentrations of 829 μM, 1.34 mM, and 68 μM, respectively.
Preparation of Ferric (Hydr)oxides. Fe(OH) 3 (am, s) refers to the ferrihydrite particles synthesized according to the method described in Schwertmann and Cornell (8).
A 500 mL solution of 40 g Fe(NO 3 ) 3 ·9H 2 O was stirred vigorously, followed by the addition of 330 mL of 1 M KOH solution to bring up the pH to 7-8. The last 20 mL of KOH was added dropwise with constant checking of the pH. A brown suspension was formed. A washing procedure using centrifugation to collect the particles and sonication to resuspend the particles in fresh DDW was repeated 5 times. The pH of the washed suspension was approximately 7. After washing, dissolved iron in the supernatant solution was less than the ICP-MS (HP 4500) detection limit (1-2 µM). The washed suspension aliquots were freeze-dried for storage and resuspended in DDW prior to use.
X-ray diffraction showed two broad peaks at 2.4 and 1. , all experiments employed 100 μM Fe(III), 50 µM reduced phenazine, and 5 mM pH buffer (CH 3 C(O)ONH 4 -MOPS). Initial rates were followed by Fe(II)(aq) production, see the text for descriptions of how R 0 and R A were calculated. "-" not measurable. All the reported rates were derived from triplicate or duplicate experiments, and standard deviations were reported for triplicate experiment Figure S1 . Plots of (a) the peak current vs. square root of voltage scan rate at pH 7 and (b) the half-wave potential vs. pH, that are derived from illustrative CVs measured with 821 μM PYO in 0.1 M KCl aqueous solution buffered with 10 mM CH 3 C(O)ONH 4 -MOPS. Figure S2 . Characteristic UV-visible spectra for the oxidized and reduced phenazine couples in aqueous solution buffered at pH 7. Figure S3 . Fe(II) adsorption onto 100 µM Fe(OH) 3 (am, s) and α-Fe 2 O 3 (s) as a function of (a) pH and (b) Fe(II)(aq). The pH was buffered using 5.0 mM CH 3 C(O)ONH 4 -MOPS, and was adjusted using HCl and NaOH additions. In (a), 20 µM Fe(II) was employed. In (b), the pH was set at 7.0. Figure S4 . Eh-pH diagrams showing the predicted thermodynamic stability region of iron species and phenazines as a function of pH and Eh. The reduction potentials refer to the reduced versus oxidized phenazine redox couples at the ratio of 100 to 1, where the symbols refer to the potentials calculated from E 1/2 measured at different pH values, and the dashed lines refer to the potentials derived from E 1/2 measured at pH 7. To draw (a) Fe ( (aq), we assumed total dissolved Fe concentration = 1 μM. H 2 and O 2 lines frame the stability field for water. Figure S5 . Time course for reaction of the reduced phenazine with O 2 , using PCA as an illustration. Initial rate was followed by the decrease in [reduced PCA]. Experiment employed 2.0% O 2 (27 μM), 5 μM reduced PCA, 100 μM EDTA, 1 mM orthophosphate buffer (pH 7).
